Microcredit is considered to be an efficient tool for making direct or indirect improvements in farm production, income generation and poverty reduction. This study was conducted in four districts of Punjab province of Pakistan. The primary objective of this study was to explore the nature of relationship and the extent of influence of microcredit on farm efficiency, wheat production and food security. Primary data was gathered from field survey through a structured questionnaire. Stochastic frontier analysis (SFA), propensity score matching (PSM) technique and inefficiency effects model were applied for data analysis. Results of stochastic frontier analysis showed that in farm production, there exists substantial amount of inefficiency. Among farm inputs, fertilizer followed by irrigation and machinery were the dominating factors in explaining the variability on farm performance while labor and seed have relatively smaller effects. Outcomes of inefficiency effects model revealed that microcredit, education and farming experience help farmers a lot in efficient utilization of farm inputs. Microcredit borrowers had 1.56 percent higher level of farm efficiency as compared to non-borrowers. Results of propensity score matching confirmed a positive influence of microcredit on farm income. Average income of microcredit borrower was 8.32 percent higher than non-borrower. Overall the impact of microcredit on farm productivity and efficiency was positive which one hand improve farmers' income level and purchasing power, while one other hand, it contribute to strengthens the food security by increasing wheat supply.
Food is the very basic need of human body. Food security can be defined as the existences of sufficient, safe and nutritious food available on sustained basis for all people in all times at prices commensurate with their income (Economist, 2012) . In developing countries, the marginal and small farmers usually possess limited financial resources. To produce higher crop yield, these financial constraints restrict those farmers to use optimal level of farm inputs along with new production technologies. Such production constraints lead to lower the agriculture efficiency performance which become a reason for lower production of food crops such as wheat. Household lower income level reduce their purchasing power especially when there is less food supply (Islam and Maitra, 2012) . Higher prices and inadequate stock of food in market influence the affordability of food which become a threat for food security. Therefore, planning for an efficient and sustained food production with affordability should be an imperative aspect for a long-term food security policy of any country.
Pakistan is an agriculture based economy and this sector the main supplier of food in the country. Wheat bread is the staple diet of 190 million human population of Pakistan. Food security can be attained by increasing the yield of food crops i.e. wheat and rice. Agriculture farming in Pakistan is characterized by small and marginal farmers that hold less than 5 acres land area. These small farmers constitute 64 percent of total farms but cultivate only 19 percent of the total farm area (Economic survey of Pakistan, 2016) . In order to obtain higher production of food crops, timely and adequate application of farm inputs are required which cannot be provided until farmers have sufficient funds. Hence, to perform necessary farm activities marginalized farmers need financial assistance either from formal or informal credit sources. Past studies (Stiglitz, 2000; Li, et al., 2011; Tu, et al., 2015) suggested that credit is a crucial factor to ascertain sustainable development in agriculture.
Agriculture productivity and farm performance can be enhanced by applying improved production technologies which lead to more food production and ensure food security. However, due to lack of collateral guarantee the small farmers have little access to obtain credit from institutional sources of credit i.e. commercial banks and agricultural banks. In Pakistan, group lending approach is practiced for providing small loans to the marginal or landless farmers. These small loans are collateral free and in case of loan default the members of a group are held responsible for each other. The conceptual framework developed for microcredit to act as developmental tool is displayed in Figure 1 . Golait (2007) conducted a study in India to discuss the performance of agriculture credit and the results revealed that credit flow to agriculture significantly increased the application of necessary farm inputs. He also suggested that credit services should be provided to a broader range of farmers through microfinance bank (MFBs), microfinance institutions (MFIs), NGOs, processors and input dealers on fair terms and low interest rate for sustainable agriculture performance. Akinsanmi and Doppler (2005) carried out a study in Nigeria to examine the aspects of agriculture resources and food security. They found that small farmers were crop oriented, retained little financial base, and had poor living standard. Large volume of their farm production was sold out but they spend less to meet food requirements. The incidence of food insecurity decreased if income and education of household is increased (Omonona and Agoi, 2007) . Javed, et al. (2006) concluded from a study conducted in Pakistan to examine the impact of microcredit on sugarcane and wheat productivity; that farm yield was increased and the living standard of farmers was also improved. They suggested that microcredit (Vaessen, et al., 2014; Anang, et al. 2016; Osman, 2016) suggested that a double-edged impact on food security could be ascertained from microcredit. One impact of credit could be that it would facilitate the farmers to use the optimal level of inputs at the right time. This practice could help to produce maximum crop yield which increase supply of food (availability of food). The second impact of microcredit could be that extra crop-yield would increase farmers' income level which would improve their purchasing power (accessibility) for other food items.
To our knowledge, in Pakistan there is not a particular research that had studied the agriculture farm performance and factors of inefficiency linked to credit. In this study, we attempt to explore the existing farm inefficiencies on wheat production and its associated factors. Study evaluates that by incorporating microcredit, to what extent the farm inefficiency can be reduced. The specific objectives of this study were to: assess the impact of microcredit on wheat crop production; compare the levels of farm-specific efficiency between microcredit borrowers and non-borrowers; determine the nature of link between microcredit, farm efficiency and food security.
MATERIALS AND METHODS OF RESEARCH
Data source. Keeping in view the objective of this study, we collected primary data from wheat farmers living in the southern Punjab province, which was our study area. We selected 16 villages based on purposive sampling from four districts i.e. Vehari, Lodhran, Bahawalpur and Rahimyar Khan. These districts are highly concentrated with agriculture and livestock farming. Farmers of these 16 villages were our sampling frame, from which 231 farmers were included in the sample size of this study. From these 231 farmers, 118 were microcredit borrowers (treatment group) who had taken credit different sources for agricultural purpose and 113 were non-borrowers (control group). During sample collection, it was ensured that farmers having similar socioeconomic conditions should be included in the both control and treatment groups. A comprehensive questionnaire was developed to gather the relevant data in perspective of study objectives. Warwick and Lininger, (1975) approach was observed to collect reliable and valid data. Field survey questions were simple to understand that contained information about personal and agriculture farming. The personal information include such as their age, education, farming experience and family size. While the farming questions were concerned with farm input and output information such as land, seed, fertilizer, irrigation, labor, yield obtained, selling price and microcredit taken. Table 1 showed the sample distribution of farmers who were microcredit borrowers and non-borrowers across the four selected districts of Punjab province. Conceptual framework of Agriculture Efficiency Performance. Farrell (1957) first presented the concept of efficiency measurement. The distinctive feature of 'Farrel' efficiency measures were the assumption of constant return to scale (CRS) and less restrictive technologies. An economic efficiency consist of two parts: technical and allocative efficiency. In perspective of agriculture sector, technical efficiency deals with to achieve maximum level of farm production from a given level of farm inputs, keeping the production technology fixed. In agricultural production, farm-inefficiencies always exist due to certain factors such as; lack of improved technology, less information, limited access to capital lack of agricultural extension services and inappropriate allocation of farm input resources. The concept of technical efficiency can be explained diagrammatically as in Figure 2 . Assume that production activity of a farm by applying a linearly homogenous production technology produces a single output Y through a given set two inputs X 1 and X 2 . The frontier isoquant II' intersect the line 'OB' at point 'T' which represent a technically efficient combination of inputs 'X 1' and 'X 2 'for this technology, as it lies on the frontier isoquant II'. The distance between point 'B' and 'T' represent the amount of technically inefficiency by producing the same level of output from both inputs. Usually, it is written in the percentage terms 'TB/OB'. Generally, the technical efficiency lies between 0 and 1 representing minimum to maximum level of output from given inputs with existing technology. Hence, 1-TE represents technical inefficiency that is actually a gap between actual production and optimal attainable production.
Stochastic frontier production model (SFA). The model of stochastic frontier analysis has two components: the first part is concerned with measurement of physical inputs in a production structure whole the second part deals with those factors that are not directly involved in production function but they are capable enough to affect the production activity. One such factor in our case is microcredit borrowing, as it is not a direct part of physical inputs (seed, fertilizers, pesticide) but may influence or facilitate agriculture production secondarily. Comprehensive reviews of SFA model had been provided by Green (1993), Fired et al. (1993) and Battese (1992) . SFA model can be defined as: The error term is decomposed into two parts; stochastic symmetric random error (ξi) and asymmetric random errors (ζi). The stochastic error ξi take account the measurement of errors caused due to factors that are not under the control of the farmers; whereas, the ζi account for technical inefficiency for production technology. The ξi gives rise to the stochastic frontier while taking any real value when added to the deterministic frontier. However the value of ζi lies between 0 and 1, so when it is 0 then the production function will produce maximum level of farm production from available quantities of farm inputs; but, when ζi>0, then the farm production will be less due to the presence of technical inefficiency.
The ratio of observed output of i th farms produced from the given levels of the inputs to the corresponding frontier output will give the measurement of farm-specific technical efficiency (ϕi), which can be written as above in equation 2. Technical inefficiency (1-TE) of each farm can be measured as:
Where, it is assumed that systematic error is distributed independently and identically along the mean zero and variance e 2 ξi . Technical inefficiency effects model. This model is very effective econometric tool to measure the efficiency performance. Technical inefficiency is estimated by modelling as a function of microcredit and certain other socio-economic factors such as farmers' education, farming experience, and level of land fragmentation. Potential differences existed in farminefficiencies among various farmers may be due to the variations presented in the household socio-economic characteristics. Exploring the influence of these characteristics for technical inefficiency provides some explanations regarding the nature of impact on efficiency performance. Hypothetically, technical-inefficiency is to be estimated by incorporating the variables such as: microcredit taken, farmers' education, farming experience and level of land fragmentation.
Where: IE represent farm inefficiency; zi denotes factors of microcredit, education, experience, and land fragmentation; wi shows stochastic random error that is assumed to be normally distributed. This model quantify the factors (zi) coefficients with a positive or negative sign to explain nature of influence on farm inefficiency. Analysis results recommends some policy implications to increase farm productivity which subsequently enhance food security through reduction of farm inefficiency.
Propensity Score Matching (PSM) technique. Impact assessment of microcredit intervention in agriculture production can be carried out by making a comparison between treated group (microcredit borrowers) and control group (non-borrows). Microcredit impact assessment on the average incomes of farmers from both groups was evaluated by using Propensity Score Matching (PSM) technique. Matching the outcomes for the treatment and control groups to estimate causal treatment effects has become a popular approach (Heckman et al., 1997; Dehejia and Wahba, 1999). However in non-experimental studies, treatment effects between treated and controls differ due the presence of many other factors. Hence, the estimation of mean effect of participating in a treatment (e.g. microcredit borrowing) requires making a match of mean output if they had not been treated (control group). Matching procedure for PSM technique can be described as: Let Y 1 is the outcomes of a microcredit-borrowers and Y 0 is the outcomes of the same microcredit borrower individual if he does not receive microcredit. So the D= {1, 0} is a binary indicator (D=1 if borrowed microcredit, 0 otherwise). In our case to estimate the impact on average income of individual i, the match for observed household income would be:
Following this procedure we attempt to identify; average treatment effects (ATE)=E(Y1-Y0) which denotes the difference between the average incomes of two groups:
 E (Y1 -Y0 |D=1) represents the average treatment effect on the treated that estimate the average income difference for the income which microcredit borrowers has earned and the income he would earned if not had borrowed credit.  E (Y1 -Y0 |D=0) denotes the average treatment effect (ATE) on the non-treated which measures the income difference between the potential income that a nonborrower did not earn (D=0) and the real income that he had earned Y 0 . To estimate how microcredit borrowers would perform, if had not they received credit; propensity score matching (PSM) support this analysis by making a match for non-borrowing farmers. Table 1 showed the summary statistics of important farm indicators regarding the production of wheat. Five important inputs, seed, fertilizer, irrigation, machinery and labor were included in the empirical analysis. Average farm revenue was observed to be Rs. 35,720 (Pakistani Rupee). Coefficient of variations mentioned in Table 1 , indicates variability of input/indicator use among sampled farmers. Irrigation cost represent 38.3 percent of average total variable cost (ATVC) which was major cost due to lack of irrigation water in the south region of Punjab province and farmers had to bear additional expenses for using ground water through tube wells or turbine water. Coefficient of variation for irrigation was 68.41. Second major cost was fertilizer that represents 33.6 percent of ATVC and C.V is 78.73. Machinery cost constitutes 16.50 percent of ATVC with C.A. of 81.23. Labor and seed costs showed 6.27, 5.84 percent of ATVC with C.V. of 81.87, and 62.94 respectively. Table 1 also presented the average amount of microcredit borrowing that was Rs. 7850/-with C.V. 95.64. The mean value of farmers' experience and schooling years was about 22 and 5 years respectively. The average land holding among farmers was 2.25 acre. Findings of stochastic frontier model for microcredit borrowers and non-borrowers have been presented in Table 2 . Results showed that the coefficients 'β' of five indicators were positive and significant except that labor. It was found that fertilizer had dominant contribution followed by irrigation and then machinery. Labor had also positive sign but it was not statistically significant representing a low influence. Results of Table 2 also provided information for the findings relating to the microcredit non-borrowers. For microcredit non-borrowers all the coefficients 'β' were positive and significant except that of seed that was negative but insignificant. Irrigation was found a dominating factors. Machinery and fertilizers were the second and third dominating factors ( Table 2) .
RESULTS AND DISCUSSION
The results derived from inefficiency effect model are presented in Table 3 . It was found that coefficients for microcredit borrowing, framer's education and farming experience were negative which was expected. Results validated that educated farmers with more experience had performed more efficiently as compare to those with less experience and low education. This demonstrated that by applying the present production technology, the farmers that had taken microcredit and also possess more education & experience were in better position to efficiently utilize the farm inputs to obtain higher production. Increased wheat production will ensure the improvement in food security. The outcomes showed that the variable of land fragmentation had positive sign and significant (Table 3) . This concluded that an increased level of land division/fragmentation leads to enhance farm-inefficiency during crop production. The possible justification for this finding may be that, marginal and small farmers were not capable enough to utilize farm inputs efficiently along with new technology on their small land area.
Outcomes of Farm-Specific Efficiency Performance. Table 4 presented the results regarding the frequency distribution of farm specific efficiency performance. Findings revealed that for microcredit borrowers, the estimated farm specific technical inefficiencies displayed a substantial level of variability. The efficiency level varies between 33-94 percent while its mean value was 80.21 percent having a standard deviation of 8.62 percent. Majority of farms (32%) were between 81-90 percent technically efficient.
Results for microcredit non-borrowers presented in lower section of Table 4 indicates that variability of farm specific efficiency ranges 36-94 percent with a mean value 78.61 percent and standard deviation was 9.78 percent. Outcomes revealed that majority of farms (30 percent) were 81-90 percent technically efficient followed by 25% farms were between 71-80 percent technically efficient. Only 8 farms were performing between 91-100 percent efficiency but among them none was to be fully (100%) efficient. This analysis proved that in order to attain maximum technically efficiency and farm productivity, there is still a considerable room for making improvements. Furthermore, the comparison of mean efficiency between microcredit borrowers and non-borrowers proved that, microcredit borrowers were 1.56 percent more technically efficient than non-borrowers. Although making an improvement of 1.56 percent in farm specific efficiency was not remarkable but it recommend that microcredit can be applied as potential tool to reduce farm-inefficiency. Reduction in farm inefficiency could lead to enhance wheat production and food supply. Propensity score matching (PSM) technique had been applied for making an assessment of microcredit impact. Pair of microcredit borrower (treatment group) were matched with a non-borrower from control group. The matched pair was similar to other pairs except of microcredit factor. PSM technique enable to create a balance between treatment and control groups for drawing a casual inference. PSM results have been presented in Table 5 . Findings of PSM technique revealed that farmers with education and experience were more likely to borrow microcredit. Likewise, farmers with small land holdings would likely to receive microcredit rather than a farmer who owned large farm size. The overall impact of microcredit program was positive on farm productivity and income level (Table 5) . For example, microcredit borrowers earned on an average 8.32 percent more than those of nonborrowers. This increased income level could improve the purchasing power of household to attain food security.
CONCLUSION
The primary objective of this study was to explore the relationship among microcredit borrowing and performance of farm-efficiency for wheat crop along with its link with food security. Results of stochastic frontier analysis (SFA) model demonstrate that the estimations of five farm inputs were positive and significant for output elasticities. For microcredit borrowers, fertilizer was dominating factor followed by irrigation and machinery. For nonborrowers, irrigation was dominating factor having 'β' value of 0.224, second was machinery (0.205) and fertilizer (0.181). The outcomes of inefficiency effects models provided a sign of negative relationship among farm inefficiency and microcredit; farmer's education, and, farming experience. This implied that farmers taken microcredit and having good education and greater farming experience are more likely to operate farm activities in a better way to attain higher level of wheat production. Land fragmentation was positively correlated with farm inefficiency which disclosed that as the level of land fragmentation increased, farmer became less efficient to manage its farm resource to produce higher yield. Farm specific efficiency performance for microcredit borrowers ranged from 39 to 95, with mean efficiency level of 80.21 percent. For non-borrowers, range of efficiency lies between 36-94; with a mean efficiency level of 78.61 percent. Efficiency index revealed that microcredit borrower's farm efficiency was 1.56 percent higher than non-borrowers. Hence, microcredit program proved as to be effective tool for increasing farmers' efficiency that could lead to improve wheat production and subsequently ensure food supply/security.
The findings of propensity score matching (PSM) analysis confirmed that there exist positive influence of microcredit towards wheat production and income generation. Results exposed that farmers having smaller land holding but more education and experience were more likely to receive microcredit from different financial institutions to perform their farm activities at the optimal level. Microcredit borrowers on an average earned more Rs.2050/-(Pakistani rupees) as compared to non-borrowers. This increased in farm production and income level of marginal and small farmers would, no doubt, assist them to reduce their poverty conditions. The reduction in poverty would ensure food security and food affordability. Finally based on the findings of this study, it could be suggested that policies for the timely and low-cost delivery of microcredit should be introduced in south region of Punjab province. Such policies would help the marginal and small farmers to operate their farm activities efficiently. Reduction in agricultural farm inefficiency could lead to improve farm production which subsequently improve food availability and food security.
